ABSTRACT: The purpose of this study was to further optimize the synthesis conditions of different position substituted acetyl phenyl-thiosemicarbazone-chitosans, and assess their antioxidant activities together with cell toxicity. Ten new C 3, 6 -diacetylated phenyl-thiosemicarbazone-chitosans (with high and low molecular weight) were prepared with located C 2 -NH 2 protecting method for the first time, and their structures were characterized by elemental analysis and FT-IR spectroscopy. In addition, the antioxidant activities of the new derivatives were investigated employing various established systems, such as DPPH scavenging/reducing power/hydroxyl radical (•OH) and superoxide anion (O 2 .− ). The results indicated that the antioxidant activities of C 3, 6 -diacetylated phenyl-thiosemicarbazone-chitosans were much better than that of Chitosan. All of the derivatives showed strong antioxidant activities in the investigated concentration range of 25-400 µg·mL -1 .
INTRODUCTION
Chitosan (CS), a nontoxic copolymer consisting of β-(1→4)-2-acetamido-2-deoxy-D-glucose and β-(1→4)-2-amino-2-deoxy-D-glucose units, is an abundant natural biopolymer obtained from the exoskeletons of crustaceans and arthropods (Ge et al., 2015) . As a natural renewable resource, CS has many unique properties such as nontoxicity, biodegradability, biocompatibility, and antimicrobial activity, which have attracted much industrial and scientific interest in such fields as agriculture, biotechnology, cosmetics, food science, pharmaceutics, wastewater treatment, and textiles.
Chemical modification of CS and its derivatives can enhance their bioactivities and consequently expands their potential applications. There have had many reports about Chitosan derivatives. And among them, thiosemicarbazones are a popular kind. Because they are an important class of N, S donor ligands which attract considerable interest because of their biological and chemistry activities, such as antibacterial, antitumor, and antiviral activities (Saryan et al., 1979) , so a lot of people are researching their bioactivities. We have previously reported the preparation of acetyl phenyl-thiosemicarbazone derivatives of CS and their antimicrobial activities (Zhong et al., 2011 ). However, we had not studied the position protection method to prepare thiosemicarbazone derivatives of CS. As a result, in order to further prepare different position substituted acetyl phenyl-thiosemicarbazone-chitosans, and assess their antioxidant activities we used located protecting method (Tao F, 2010) to protect the -NH 2 of C 2 -carbon, so that the reaction only happen on the hydroxyls of the C 3 and C 6 -carbons to get our target compounds. In a word, ten new C 3, 6 -diacetylated phenyl-thiosemicarbazone-chitosans (with high and low molecular weight) were prepared with located C 2 -NH 2 protecting method for the first time in this essay.
Oxidative stress, induced by oxygen radicals, is believed to be a primary factor in the normal process of aging as well as in various degenerative diseases. There were a lot of researches on the antioxidant activities of CS and its derivatives (Xie et Zhang et al. (2012) ,NHT-chitosan and OHT-chitin had better scavenging activities than Chitosan toward DPPH radical , the inhibitory activity of NHT-chitosan and OHT-chitin reach 31.9% and 30.9% at 5 mg·mL −1 , respectively, whereas that of chitosan was only 4.8%.
In our previous work, we had discussed the relationship between the antimicrobial activities of the derivatives and their structures (Zhong et al., 2014) . Furthermore, in order to investigate the relationship between antioxidant activities and structures, we researched the antioxidant activities of the new series of derivatives obtained from the located protecting method. And the antioxidant activities were evaluated using various in vitro assay systems, including DPPH, superoxide, hydroxyl radicals, and reducing power. 6 -diacetylated phenyl-thiosemicarbazone-chitosan derivatives were synthesized as shown in Schemes 1-2. Firstly, phenyl-thiosemicarbazones were prepared. Then 2-phenoxybenzyl dicarboximido CS with two different molecular weights reacted with acetyl chloride in trichloromethane and pyridine solution at 100°C to give C 3, 6 -diacetylated CS. Finally, C 3, 6 -diacetylated phenyl-thiosemicarbazone-chitosans were synthesized by C 3, 6 -diacetylated chitosans reacting with phenyl-thiosemicarbazones. All of the products gave satisfactory spectroscopic data, which were in full accordance with their assigned structures. The antioxidant activities of the compounds were evaluated in an aqueous system in vitro.
EXPERIMENTAL

Materials
Chitosan (CS) with high and low molecular weight (HCS/LCS) were supplied by Qingdao Yunzhou Biochemical Corp (China). The deacetylation degree of HCS and LCS was 95%, average molecular weight 200 kDa and 3 kDa. Nitro blue tetrazolium (NBT), phenazine mothosulfate (PMS), hydrogen peroxide (H 2 O 2 ), thiobarbituric acid (TBA), ethylene diamine tetra-acetic acid (EDTA), nicotinamide adenine dinucleotidereduced (NADH), trichloroacetic acid (TCA), potassium ferricyanide and ferric chloride were purchased from Sigma Chemicals Company. All other chemicals and reagents used in the preparation step were of analytic grade, and were used without further purification.
Analytical methods
Fourier transform infrared (FT-IR) spectra of the derivatives were measured in the 4,000-500 cm 
Preparation of phenyl-thiosemicarbazones
Phenyl-thiosemicarbazones were operated as the method of Zhong et al. (2011) . (The synthesis pathway of phenyl-thiosemicarbazones was shown below in Scheme 1).
Scheme 1 Synthesis pathway of phenyl-thiosemicarbazones.
Preparation of located acetylated phenyl-thiosemicarbazone-chitosans
Preparation of 2-phenoxybenzyl dicarboximido chitosans
This part was operated according to the method of Tao et al. (2010) . 5 g CS (HCS/LCS ) and 13.8 g phthalic anhydride were mixed well in 100 mL DMF solution, then the mixture reacted at 90 °C for 8 h until the mixture changed into a viscous transparent yellowish solution. Before pumping filtration, it was poured into ice water. Extracted it in a Soxhlet extractor with anhydrous alcohol for several hours, then it was dried with P 2 O 5. The final product in this step was 2-phenoxybenzyl dicarboximido chitosan.
Preparation of pure C3, 6-diacetylated phenyl-thiosemicarbazone-chitosans This part was operated as the method of Zhong et al. (2011).
There was a need of de-protection of phthalic anhydride protecting group in 2-phenoxybenzyl dicarboximido chitosan's acetyl-thiosemicarbazone derivatives to get C 3, 6 -diacetylated phenyl-thiosemicarbazone-chitosan derivatives. The method was as follows: add hydrazine hydrate into 2-phenoxybenzyl dicarboximido chitosan's acetyl-thiosemicarbazone derivatives by molar ratio after fully dissolved them in water, react 3 h at 70 °C, then concentrate. Repeat the steps above again, dialysis with distilled water to remove small ions, concentrate the volume to as little as possible, then get solid by vacuum freeze-drying for 24 h. The product was C 3, 6 -diacetylated phenyl-thiosemicarbazone chitosan derivatives (The synthesis pathway of C 3, 6 -diacetylated phenyl-thiosemicarbazone chitosans was shown below in Scheme 2).
Scheme 2 Synthesis pathway of C3, 6-diacetylated phenyl-thiosemicarbazone-chitosans.
Antioxidant assays
Hydroxyl radical assays
The hydroxyl radical's scavenging ability of HCS/LCS and ten kinds of C 3, 6 -diacetylated phenyl-thiosemicarbazone-chitosan (HCS/LCS) were assessed by the method of Barry Halliwell et al. (1987) . The scavenging ability was calculated as follows:
Where A sample, A blank and A control were the absorbance of sample solution, blank solution, and the control solution respectively. So, the final concentrations of every sample was 25 µg·mL -1 , 50 µg·mL -1 , 100 µg·mL -1 , 200 µg·mL -1 and 400 µg·mL -1 . Each experiment was performed three times, and the data were averaged.
Superoxide anion' s scavenging assays
The superoxide radical's scavenging ability of HCS/LCS and ten kinds of C 3, 6 -diacetylated phenyl-thiosemicarbazone-chitosan (HCS/LCS) were assessed by the method of Nishikimi et al. (1972) . The clearance could be expressed like this:
where A sample and A control were the absorbance of sample solutions and the control solution, respectively. Each experiment was performed three times, and the data were averaged. So, the final concentrations of every sample was 25 µg·mL -1 , 50 µg·mL -1 , 100 µg·mL -1 , 200 µg·mL -1 and 400 µg·mL -1 .
Reducing capacity assays
The reducing power of HCS/LCS and ten kinds of C 3, 6 -diacetylated phenyl-thiosemicarbazone-chitosan (HCS/LCS) was quantified by the method described earlier by Yen et al. (1993 The results of the elemental analysis, yield, and degree of linking of the low molecular weight derivatives were showed in Table 2 Figure 1 . FT-IR spectrum data of C3, 6-diacetylated phenyl-thiosemicarbazone-chitosans (HCS). Figure 1 showed the comparison of FT-IR spectra for the derivatives and Chitosan. As for HCS was concerned, the peak at 3447 cm -1 due to the stretching vibration of O-H and N-H, the peak appeared at 1596 cm -1 belonged to -NH 2. When it came to 3, 6-DAHCS, the peak of the stretching vibration of O-H and N-H appeared at 3440 cm -1 , the peak of -NH 2 disappeared; the peaks appeared at 1630 cm -1 and 1710 cm -1 were due to C=O group . All of the information mentioned above indicated that C 2 -NH 2 protected C 3, 6 -diacetylated Chitosan was obtained.
FT-IR spectrum analysis of the derivatives with high molecular weight
As for 3, 6-diacetylated phenyl-thiosemicarbazone-chitosan [3, 6-DAPTSCZHCS], the sharp peaks appeared at 3420 cm -1 and 3120 cm -1 belonged to ν NH, the peak of 1600 cm -1 was due to C=N group, the peaks at 1480 cm -1 and 1310 cm -1 were resulted from the overlapping of ν NH and benzene, the peak of 1260 cm -1 belonged to C-N group, the peak appeared at 1270 cm -1 was because of C=S group, the peaks of benzene were at 833 cm -1 and 746 cm -1 . According to the spectrum of 3, 6-diacetylated (p-tolyl)-thiosemicarbazone-chitosan [3, 6-DA(p-T)TSCZHCS], the sharp peaks appeared at 3420 cm -1 and 3120 cm -1 belonged to ν NH, the peak of 1610 cm -1 was due to C=N group, the peaks at 1490 cm -1 and 1320 cm -1 were resulted from the overlapping of ν NH and benzene, the peak of 1280 cm -1 belonged to C-N group, the peak appeared at 1312 cm -1 was because of C=S group, the peaks of benzene were at 806 cm -1 and 714 cm Figure 1 , except that there were differences in the intensities among these peaks. Figure 2-3 showed the scavenging curves of V C , HCS, LCS and their derivatives towards hydroxyl free radical. These curves indicated that most of the derivatives' scavenging abilities were higher than that of the raw materials (HCS and LCS), and increased as the concentration increased.
Antioxidant activities
Hydroxyl free radical's scavenging abilities
Moreover, the derivatives with high molecular weight were much more active than the low molecular ones. Among those five derivatives of HCS, 3, 6-DA(o-T)TSCZHCS had the best activity towards hydroxyl free radical, and the highest clearance was 93.09% when the concentration was 400 µg·mL -1
. Among those five derivatives of LCS, 3, 6-DAPTSCZLCS had the best activity towards hydroxyl free radical, and the highest clearance was 54.45% when the concentration was 400 µg·mL -1 . In a word, 3, 6-DA(p-T)TSCZHCS, 3, 6-DA(o-T)TSCZHCS and 3, 6-DAPTSCZHCS improved the scavenging abilities of HCS, though 3, 6-DA(o-CP)TSCZHCS and 3, 6-DA(p-NP)TSCZHCS had similar scavenging abilities with HCS. All the derivatives of LCS had superior scavenging abilities to LCS.
Molecular weight also affected the antioxidant activities of the derivatives, and the higher the molecular weight was, the higher antioxidant activity the derivative had. This was not accord with that of , who indicated that lower molecular weight led to higher antioxidant activity. We deduced that maybe the substitution degree played a more important role in this assay than that of molecular weight. And the possible mechanism could be like this: hydroxyl free radical reacted with active hydrogen atoms in the derivatives and formed a most stable macromolecular radical. Because there were quantities of strong intermolecular and intramolecular hydrogen bonds in CS, so its activity was not high. In other words, substituting action enhanced the activities of the derivatives. Furthermore, higher substituting degree could lead to a much higher activity. All the substituting groups improved the activities of CS, and the order of the derivatives was that 3, 6-DA(o-T)TSCZHCS > 3,
The IC 50 values of those higher molecular derivatives were all smaller than 25 µg·mL -1 ; while those of lower molecular derivatives were 395.30 µg·mL -1 (3, 6-DAPTSCZLCS), 398.42 µg·mL -1 (3, 6-DA(p-T)TSCZLCS),786 µg·mL Moreover, those derivatives of HCS were much more active than the derivatives of LCS, which was not the same with that of Xing et al. (2005 b) who showed in their report that lower molecular weight led to better activity. We deduced the mechanism was that the introduction of grafted substituting groups severely disrupted the inner structure of Chitosan. The ability to form hydrogen bond declined sharply, and the amino and hydroxyl groups were activated, thus this was helpful to the reaction with superoxide anion, because superoxide radical was a zwitterionic radical. It could react with free amino and hydroxyl groups in chitosan and its derivatives. And because of higher grafted degrees (more free amino groups), those derivatives of HCS showed better activities.
Among those five derivatives of HCS, 3, 6-DA(p-T)TSCZHCS had the best activity towards superoxide anion, and the highest clearance was 99.48% when the concentration was 400 µg·mL -1 . Among those five derivatives of LCS, 3, 6-DA(o-T)TSCZLCS had the best activity towards superoxide anion (the highest clearance was 94.72% when the concentration was 400 µg·mL -1 ), though the highest clearance was 95.96% (3, 6-DAPTSCZLCS, 400µg/ml). V C , and LCS had very similar scavenging abilities. From these figures, we could known that the IC 50 value of every sample was lower than 25 µg·mL reducing sugars because of their hydrogen-donating ability. These curves indicated that the derivatives' (of both HCS and LCS) reducing abilities increased as the concentration increased. Moreover, those derivatives of LCS were much more active than the derivatives of HCS. That is to say, molecular weight has an effect on the reducing power of these derivatives much more. And the lower molecular weight could lead to higher reducing ability. This was accord with that of Zhao et al. (2013) , who also said in an essay that derivatives of Chitosan with lower molecular weights had much better reducing abilities.
Reducing abilities
Among those five derivatives of HCS, 3, 6-DA(o-T)TSCZHCS had the best reducing ability, and the highest index was 0.122 when the concentration was 400 µg·mL -1 . Among those five derivatives of LCS, 3, 6-DA(p-T)TSCZLCS had the best reducing ability, and the highest index was 0.202 when the concentration was 400 µg·mL (of both HCS and LCS) scavenging abilities were increased as the concentration increased, but among them only some (not all derivatives) improved the scavenging abilities of the raw material.
Moreover, those derivatives of LCS were much more active than the derivatives of HCS, except for 3, 6-DA(o-T)TSCZLCS. Among those five derivatives of HCS, 3, 6-DA(o-T)TSCZHCS had the best activity towards DPPH free radical, and the highest clearance was 90.91% when the concentration was 200 µg·mL -1 . Among those five derivatives of LCS, 3, 6-DA(p-T)TSCZLCS had the best activity towards DPPH free radical, whose highest clearance was 92.42% when the concentration was 200 µg·mL -1 . In this assay, V C had the best scavenging ability (with the highest clearance 97.98% and the lowest clearance 92.93%). As the curves showed that most samples' IC 50 value were lower than the minimum concentration used in this assay 25 µg·mL Because the amount and the activity of hydroxyl and amino groups were important factors that associated with antioxidant activities of CS derivatives (Zhao et al., 2013) , the result was like this. This was corresponding to the lower substituting degree of those derivatives of LCS compared with that of HCS. Hence, lower substituting degree could gain better scavenging activities towards DPPH free radical.
CONCLUSION
Ten different acetyl phenyl-thiosemicarbazone derivatives of CS were synthesized in this paper. The antioxidant activities of HCS/LCS and their derivatives were investigated from four aspects. The results indicated that the increased antioxidant activities of acetyl phenyl-thiosemicarbazone-chitosans might be attributed to acetyl phenyl-thiosemicarbazone group that was grafted onto CS. And the results also demonstrated that the antioxidant activities of them were affected by their grafted degree obviously. Higher grafted degree resulted in better antioxidant activities, in the scavenging abilities towards both hydroxyl free radical and superoxide anion. This was because these derivatives of HCS were better substituted. On the other hand, lower grafted degree showed better results in reducing abilities and DPPH free radical's scavenging abilities. These phenomena were accord with the reacting mechanism. To draw a conclusion, 3, 6-DA(o-T)TSCZLCS, 3, 6-DA(p-T)TSCZLCS, 3, 6-DAPTSCZLCS, 3, 6-DA(o-T)TSCZHCS, 3, 6-DA(p-T)TSCZHCS and 3, 6-DAPTSCZHCS had the potential to be used as natural antioxidants.
